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درمانی و باشد که علیرغم شیمیترین تومور سیستم عصبی میگلیوبالستوما بدخیم  مقدمه و اهداف:
دهند. درصد بیماران در یکسال اول پس از تشخیص بیماری جان خود را از دست می 60جراحی، بیش از 
تموزوالمید یک داروی آلکیله کننده است که در حال حاضر برای درمان گلیوبالستوما در بیماران مورد استفاده 
شود. نشان داده شده است که میدان اما در اغلب موارد مقاومت به این دارو مشاهده می گیرد.قرار می
شود. هدف ما در این مطالعه ارزیابی گذار بوده و موجب پیشبرد مرگ سلولی میالکترومغناطیس بر بیان ژنی اثر 
لولی، بیان ژنی و بر الگوی ایجاد سمیت سلولی، مهاجرت س (Hz, 70 G 50)اثرات میدان الکترومغناطیس 
 باشد.های گلیوبالستومای درمان شده با تموزوالمید میهمچنین بیان پروتئین در سلول 
از انستیتو پاستور )تهران، ایران( تهیه شد. در ابتدا  A172و  T98های ردۀ در این مطالعه، سلول  روشها:
ساعت در روز(، حیات سلولی با استفاده از تکنیک  6پس از درمان با تموزوالمید و تابش میدان الکترومغناطیس )
MTT  د بلو مورد ارزیابی قرار گرفت. عالوه بر این مهاجرت سلولی نیز با استفاده از روش ایجاآمیزی تریپان و رنگ
گرفت. در ادامه نیز به منظور ارزیابی اثرات میدان  رهای کشت داده شده، مورد بررسی قراخراش در سلول 
های درمان شده با تموزوالمید، به ترتیب از های مربوطه در سلول ها و پروتئین الکترومغناطیس بر میزان بیان ژن
 استفاده شد. Western blotو  Real-time PCRهای تکنیک 
های گلیوبالستوما با استفاده از داروی تموزوالمید و های ما نشان داد که درمان سلول داده ها:یافته
شود. عالوه بر ها میمیدان الکترومغناطیس، باعث افزایش مرگ سلولی و کاهش پتانسیل مهاجرتی این سلول 
، Caspase-3و  P53های ، افزایش بیان پروتئین P53و  HO-1های این بدنبال درمان همزمان، افزایش بیان ژن 
های کنترل مشاهده شد. همچنین نتایج حاصل از این نسبت به گروه Cyclin-D1و نیز کاهش بیان پروتئین 
 MGMTپس از درمان با داروی تموزوالمید و میدان الکترومغناطیس ژن  T98های پژوهش نشان داد که سلول 
 کنند.این ژن را بیان نمی A172های ردۀ ه سلول کنند، در حالی کرا بیان می
های ما نشان داد که درمان همزمان با استفاده از داروی تموزوالمید و میدان یافته  گیری:نتیجه بحث و  
را بر اساس الگوهای متفاوتی تحت  A172و  T98های سلولی تواند حیات هر یک از ردهالکترومغناطیس می
های گلیوبالستوما بوسیلۀ تموزوالمید و میدان رسد که درمان سلول تأثیر قرار دهد. عالوه بر این به نظر می
 
شود. با این منجر به بهبود اثر بخشی داروی تموزوالمید می HO-1الکترومغناطیس، از طریق افزایش بیان ژن 
 ک رویکرد بالینی نوین برای درمان گلیوبالستوما، مطالعات بیشتری مورد نیاز است.وجود به منظور دستیابی به ی




Background and Objectives: Glioblastoma is the most aggressive tumor of the nervous 
system and despite chemotherapy and surgery, over 60% of patients die within one year after 
diagnosis. Temozolomide (TMZ) is an alkylating drug currently used in patients with 
glioblastoma. Resistance to TMZ is often found. Electromagnetic field (EMF) is known to induce 
cell death and affects gene expression. In this study we have aimed to investigate the effects of 
EMF (50 Hz, 70 G) on cytotoxicity pattern, cell migration, gene expression and protein levels in 
temozolomide-treated glioblastoma cells. 
Methods: In this study, the human glioblastoma T98 and A172 cell lines were obtained 
from Pasteur Institute (Tehran, Iran). Initially, after TMZ treatment and EMF exposure (6 
h/day), the cell viability was investigated by MTT assay and trypan blue staining. Additionaly, 
cell migration was evaluated using Scratch assay. To analyze the effects of EMF on gene 
expression and protein levels in temozolomide-treated glioblastoma cells, we applied Real-time 
PCR and Western blot, respectively. 
Results: Here, we show that treatment with combination of TMZ and EMF enhanced cell 
death and decreased the migration potential of T98 and A172 cells. We also observed the 
overexpression of HO-1 and p53 genes, upregulation of p53 and caspase-3 proteins, and 
downregulation of cyclin-D1 protein in comparison to controls. Additionally, T98 cells express 
MGMT following TMZ and EMF co-treatment, whereas A172 cells did not express MGMT. 
Conclusion: Our findings indicate that the co-treatment of TMZ and EMF could affect cell 
viability in different pattern for T98 and A172 cells. Moreover, it seems concomitant use of EMF 
and TMZ through overexpression of HO-1 could improve the effectiveness of TMZ. 
 
Nevertheless, to achieve a novel clinical approach for treating glioblastoma cells, further 
investigation is needed. 
Keywords: Electromagnetic field, Glioblastoma cells (T98, A172), Temozolomide, 























 ی................. ................................................................................ فهرست جداول 
 ک.......... ........................................................................... فهرست تصاویر و نمودارها
 ل...................... .............................................................. هافهرست ضمائم و پیوست
 م.................. ....................................................................... هات کوتاه نوشتهفهرس
 ........ .................................................................................................. چکیده
 فصل اول: مقدمه و اهداف
 2.......... ...........................................................................  مسئلهمقدمه و بیان  1-1 
 4 .................................................................هدف کلی طرح  ......................... 2-1
 4 .................................................اهداف اختصاصي یا ویژه طرح  ........................ 3-1
 5.................. .............................هدف کاربردي طرح  ...................................... 4-1
 5.....  ...............................پژوهش )با توجه به اهداف طرح( .............فرضیات یا سؤاالت  5-1
 فصل دوم: بررسی متون
 7........... .................................................................................. گلیوبالستوما 2-1
 7............... ................................................................................... شیوع 2-1-1
 8 ............................................................................شناسی تشخیص و آسیب 2-1-2
 8.. ......................................................... گلیوبالستوما علل مولکولی ایجاد کننده  2-1-3
   Temozolomide) .................................................. ...............9)داروی تموزوالمید  2-2
 10..... ............................های ایجاد کنندۀ مقاومت نسبت به داروی تموزوالمید مکانیسم  2-2-1
2-2-1-1 MGMT ..................................................................................... .....10 
2-2-1-2 MMR .......................................................................................... ..11 
 13.... ........................................... سایر عوامل ایجاد مقاومت نسبت به تموزوالمید 2-2-1-3
 
 14. ..........................................................................................رایند آپوپتوز ف 2-3
 14.. ............................................................................ تفاوت آپوپتوز با نکروز 2-3-1
 15...... ...................................................................................... هاکاسپاز 2-3-2
 p53 ............................................................................... ....15عملکرد و نقش  2-4
2-5 Heme oxygenase 1 (HO-1) ................................................................ ......16 
2-6 Cyclin D1 ........................................................ ................................ ...16 
 16................ .................................................................... میدان مغناطیسی 2-7
  16... ......................................................... منابع تولید کننده میدان مغناطیسی 2-7-1
 17.. .................................................................. خصوصیت میدان مغناطیسی 2-7-2
  17... ......................................................... ها بر بدن انسانمکانیسم تأثیر میدان 3-7-2
 18... .............................................................. اثرات میدان الکتریکی بر بدن 2-7-3-1
 18 ............................................................... بر بدن مغناطیسیاثرات میدان  2-7-3-1
 18....... .........................بندی میدان مغناطیسی ایستا بر اساس شدت ..........تقسیم  4-7-2
 19......... .....................مغناطیسی فرکانسی و تأثیرات آن بر سلول و بافت ........میدان  5-7-2
 هافصل سوم: مواد و روش 
 22.. .......................................................................................... نوع مطالعه 3-1
 22.. ................................................................................ جامعه مورد پژوهش  3-2
 22............. ............................................................. مواد و وسایل مورد استفاده 3-3
 24... ........................................................................ هاکشت و نگهداری سلول  3-4
 24.. ............................................................................. های مورد مطالعهگروه 3-5
 24.. ................................................................... اعمال میدان الکترومغناطیسی 3-6
 25.. .............................................................................. سنجش بقای سلولی 3-7
 
 25......... ....................................................................... بلوآمیزی تریپان رنگ 3-8
 Scratch assay .................................... .......26ارزیابی مهاجرت سلولی با استفاده از  3-9
 Real-time PCR ............................................... .......26بررسی بیان ژن به روش  3-10
 26.... .............................................................................. طراحی پرایمر 3-10-1
 26.. ............................................................................ رقیق کردن پرایمر 3-10-2
 27.. .......................................................های سلولی از نمونه  RNAاستخراج  3-10-3
 27... ...............................................................روش انجام تکنیک نانودراپ  3-10-4
 28.. ..............................................استخراج شده  RNAاز روی  cDNAساخت  3-10-5
 Real-time PCR .................................................................. ..28واکنش  3-10-6
 29..... .............................................................................ژن استاندارد  3-10-7
 29...... .............................................. پرایمرهای مورد استفاده در این پژوهش  3-10-8
 30... ......................................................................... آزمایش وسترن بالت 3-11
 T98 .................................................. ......30های استخراج پروتئین از سلول  3-11-1
 31.... .................................................................گیری کل پروتئین ندازها 3-11-2
 SDS-PAGE ........................................... ...31ها روی ژل الکتروفورز پروتئین  3-11-3
 PVDF .............................................................. ..32انتقال از ژل به کاغذ  3-11-4
 33.. ................................................................................... بالکینگ 3-11-5
 33... ........................................................................... مرحله شستشو 3-11-6
 34... ............................................................. بادی اولیهاضافه کردن آنتی 3-11-7
 34....... ........................................................ بادی ثانویهاضافه کردن آنتی 3-11-8
 34........ ............................................ افزودن سوبسترا و ثبت باندهای نورانی 3-11-9
 34...... ..................... های پروتئین برداری و آنالیز تصاویر گرفته شده از باند صویرت 3-11-10
 
 35.... ................................................................... مکان و زمان انجام مطالعه 3-12
 35..... ..................................................................... هاآوری دادهروش جمع 3-13
 35...... ............................................................... هاتجزیه و تحلیل دادهروش  3-14
 هافصل چهارم: یافته
 37...... ...................های گلیوبالستوما تموزوالمید بر میزان حیات سلول  دارویبررسی اثر  4-1
 38. ..میزان حیات سلولی بدنبال درمان با میدان الکترومغناطیس و داروی تموزوالمید ارزیابی  4-2
 39 ....میدان الکترومغناطیس و داروی تموزوالمید  اعمال ارزیابی تغییرات مورفولوژیک بدنبال  4-3
 41...... .........................بلو آمیزی تریپان ارزیابی میزان حیات سلولی با استفاده از رنگ  4-4
 Scratch assay  .................................. ......41مهاجرت سلولی با استفاده از  ارزیابی 5-4
 qRT-PCR .......................................... ...42بیان ژن با استفاده از تکنیک ارزیابی  4-6
 Western blot ...................... .......43ارزیابی میزان بیان پروتئین با استفاده از تکنیک  4-7
 گیریفصل پنجم: بحث و نتیجه
 47.. ...........................................................................................بحث  -5-1
 51........ .............................................................................گیری نتیجه -5-2
 51........ ....................................................پیشنهادات ......................... -5-3







                                                                                                                     جداولفهرست 
 8. ...............................................علل مولکولی شایع در بروز گلیوبالستوما : 2-1جدول 
 22............... .......................................... استفادهوسایل و تجهیزات مورد : 3-1جدول 
 23............ ........................................... مواد مورد استفاده در این پژوهش : 3-2جدول 
 28.. ...................................برنامه دستگاه ترمال سایکلر ........................: 3-3جدول 
 Real time PCR ................................ ........28عناصر مورد نیاز برای واکنش : 3-4جدول 
 Real time PCR .................. .......29برنامه دستگاه ترمال سایکلر جهت واکنش : 3-5جدول 












 فهرست تصاویر و نمودارها
 MGMT ..................................................................... 3نحوه عملکرد  :1-1شکل 
 10 ........................................... داروی تموزوالمیدسازی ساختار و مسیر فعال : 2-1شکل 
 MGMT ....................................................... 11توسط آنزیم  DNAتعمیر : 2-2شکل 
 13....... ........ های شناخته شدۀ ایجاد مقاومت نسبت به داروی تموزوالمیدمکانیسم : 2-3شکل 
 A172 ......................................... .........37و  T98های سلول  MTTنمودار : 4-1شکل 
 39...............  های گلیوبالستومابر سلول  نمودار تأثیر دارو و میدان الکترومغناطیس : 4-2شکل 
 40.... .......................های گلیوبالستوما میزان مرگ و تغییرات مورفولوژیک سلول  :4-3شکل 
 41..... ................................................................ بلوآمیزی تریپان نگر : 4-4شکل 
 42....... ................................... های مختلفمهاجرت سلولی در زمانارزیابی : 4-5شکل 
 qRT-PCR ....................... .......43میزان بیان ژن با استفاده از تکنیک ارزیابی : 4-6شکل 
 MGMT ............................ ..44و  Cyclin-D1 هاینمودار میزان بیان پروتئین : 4-7شکل 
 Caspase-3 .............................. ......45و  p53های نمودار میزان بیان پروتئین : 4-8شکل 










 هافهرست ضمائم و پیوست
 67........ ............................................... بیوتیکتهیۀ محلول آنتی: یکپیوست شماره 
 Fetal Bovine Serum (FBS) ................................ .....67 سازیآماده: دوپیوست شماره 
 Tris Borate-EDTA (TBE) ..................................... ...67تهیه بافر: سه پیوست شماره
 67..... ....................................... ساخت ژل جهت انجام الکتروفورز: چهارپیوست شماره 




















1. Holland EC. Glioblastoma multiforme: the terminator. Proceedings of the National 
Academy of Sciences. 2000;97(12):6242-4. 
2. Urbańska K, Sokołowska J, Szmidt M, Sysa P. Glioblastoma multiforme–an overview. 
Contemporary oncology. 2014;18(5):307. 
3. Verdecchia A, Angelis GD, Capocaccia R. Estimation and projections of cancer 
prevalence from cancer registry data. Statistics in medicine. 2002;21(22):3511-26. 
4. Stupp R, Hegi ME, Mason WP, van den Bent MJ, Taphoorn MJ, Janzer RC, et al. Effects 
of radiotherapy with concomitant and adjuvant temozolomide versus radiotherapy alone on 
survival in glioblastoma in a randomised phase III study: 5-year analysis of the EORTC-NCIC 
trial. The lancet oncology. 2009;10(5):459-66. 
5. Peng Z, Shuangzhu Y, Yongjie J, Xinjun Z, Ying L. RETRACTED ARTICLE: TNF 
receptor-associated factor 6 regulates proliferation, apoptosis, and invasion of glioma cells. 
Molecular and cellular biochemistry. 2013;377(1-2):87-96. 
6. Chamberlain MC. Temozolomide: therapeutic limitations in the treatment of adult high-
grade gliomas. Expert review of neurotherapeutics. 2010;10(10):1537-44. 
7. O'brien V, Brown R. Signalling cell cycle arrest and cell death through the MMR System. 
Carcinogenesis. 2005;27(4):682-92. 
8. Kondo N, Takahashi A, Ono K, Ohnishi T. DNA damage induced by alkylating agents 
and repair pathways. Journal of nucleic acids. 2010;2010. 
 
9. Kanzawa T, Bedwell J, Kondo Y, Kondo S, Germano IM. Inhibition of DNA repair for 
sensitizing resistant glioma cells to temozolomide. Journal of neurosurgery. 2003;99(6):1047 -
52. 
10. Kiseleva L, Kartashev A, Vartanyan N, Pinevich A, Samoilovich M. A172 and T98G cell 
lines characteristics. Cell and Tissue Biology. 2016;10(5):341-8. 
11. Aldrich TE, Andrews KW, Liboff AR. Brain cancer risk and electromagnetic fields 
(EMFs): assessing the geomagnetic component. Archives of Environmental Health: An 
International Journal. 2001;56(4):314-9. 
12. D’Angelo C, Costantini E, Kamal M, Reale M. Experimental model for ELF-EMF 
exposure: Concern for human health. Saudi journal of biological sciences. 2015;22(1):75-84. 
13. Berg H, GÜnther B, Hilger I, Radeva M, Traitcheva N, Wollweber L. 
Bioelectromagnetic field effects on cancer cells and mice tumors. Electromagnetic biology and 
medicine. 2010;29(4):132-43. 
14. Cameron IL, Markov MS, Hardman WE. Optimization of a therapeutic electromagnetic 
field (EMF) to retard breast cancer tumor growth and vascularity. Cancer cell international. 
2014;14(1):125. 
15. Filipovic N, Djukic T, Radovic M, Cvetkovic D, Curcic M, Markovic S, et al. 
Electromagnetic field investigation on different cancer cell lines. Cancer Cell International. 
2014;14(1):84. 
16. Akbarnejad Z, Eskandary H, Vergallo C, Nematollahi-Mahani SN, Dini L, 
Darvishzadeh-Mahani F, et al. Effects of extremely low-frequency pulsed electromagnetic fields 
 
(ELF-PEMFs) on glioblastoma cells (U87). Electromagnetic biology and medicine. 
2017;36(3):238-47. 
17. Sanie-Jahromi F, Saadat M. Different profiles of the mRNA levels of DNA repair genes 
in MCF-7 and SH-SY5Y cells after treatment with combination of cisplatin, 50-Hz 
electromagnetic field and bleomycin. Biomedicine & Pharmacotherapy. 2017;94:564 -8. 
18. Ma Q, Deng P, Zhu G, Liu C, Zhang L, Zhou Z, et al. Extremely low-frequency 
electromagnetic fields affect transcript levels of neuronal differentiation-related genes in 
embryonic neural stem cells. PLoS One. 2014;9(3):e90041. 
19. Manzella N, Bracci M, Ciarapica V, Staffolani S, Strafella E, Rapisarda V, et al. 
Circadian gene expression and extremely low‐frequency magnetic fields: An in vitro study. 
Bioelectromagnetics. 2015;36(4):294-301. 
20. De Girolamo L, Stanco D, Galliera E, Viganò M, Colombini A, Setti S, et al. Low 
frequency pulsed electromagnetic field affects proliferation, tissue-specific gene expression, and 
cytokines release of human tendon cells. Cell biochemistry and biophysics. 2013;66(3):697-
708. 
21. Funk RH, Monsees T, Özkucur N. Electromagnetic effects–From cell biology to 
medicine. Progress in histochemistry and cytochemistry. 2009;43(4):177-264. 
22. Robison JG, Pendleton AR, Monson KO, Murray BK, O'Neill KL. Decreased DNA 
repair rates and protection from heat induced apoptosis mediated by electromagnetic field 
exposure. Bioelectromagnetics: Journal of the Bioelectromagnetics Society, The Society for 
Physical Regulation in Biology and Medicine, The European Bioelectromagnetics Association. 
2002;23(2):106-12. 
 
23. Akbarnejad Z, Eskandary H, Dini L, Vergallo C, Nematollahi-Mahani SN, Farsinejad A, 
et al. Cytotoxicity of temozolomide on human glioblastoma cells is enhanced by the concomitant 
exposure to an extremely low-frequency electromagnetic field (100 Hz, 100 G). Biomedicine & 
Pharmacotherapy. 2017;92:254-64. 
24. Sanie-Jahromi F, Saadat I, Saadat M. Effects of extremely low frequency 
electromagnetic field and cisplatin on mRNA levels of some DNA repair genes. Life sciences. 
2016;166:41-5. 
25. Luukkonen J, Liimatainen A, Juutilainen J, Naarala J. Induction of genomic instability, 
oxidative processes, and mitochondrial activity by 50Hz magnetic fields in human SH -SY5Y 
neuroblastoma cells. Mutation Research/Fundamental and Molecular Mechanisms of 
Mutagenesis. 2014;760:33-41. 
26. Goldlust SA, Turner GM, Goren JF, Gruber ML. Glioblastoma multiforme: 
multidisciplinary care and advances in therapy. Hospital Physician. 2008;6:9-39. 
27. Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Burger PC, Jouvet A, et al. The 2007 
WHO classification of tumours of the central nervous system. Acta neuropathologica. 
2007;114(2):97-109. 
28. Ostrom QT, Gittleman H, Farah P, Ondracek A, Chen Y, Wolinsky Y, et al. CBTRUS 
statistical report: Primary brain and central nervous system tumors diagnosed in the United 
States in 2006-2010. Neuro-oncology. 2013;15(suppl 2):ii1-ii56. 
29. Schwartzbaum JA, Fisher JL, Aldape KD, Wrensch M. Epidemiology and molecular 
pathology of glioma. Nature clinical practice Neurology. 2006;2(9):494-503. 
 
30. Adamson C, Kanu OO, Mehta AI, Di C, Lin N, Mattox AK, et al. Glioblastoma 
multiforme: a review of where we have been and where we are going. Expert opinion on 
investigational drugs. 2009;18(8):1061-83. 
31. Kelly KA, Kirkwood JM, Kapp DS. Glioblastoma multiforme: pathology, natural history 
and treatment. Cancer treatment reviews. 1984;11(1):1-26. 
32. Kanu OO, Hughes B, Di C, Lin N, Fu J, Bigner DD, et al. Glioblastoma multiforme 
oncogenomics and signaling pathways. Clinical Medicine Insights Oncology. 2009;3:39. 
33. Newlands E, Blackledge G, Slack J, Rustin G, Smith D, Stuart N, et al. Phase I trial of 
temozolomide (CCRG 81045: M&B 39831: NSC 362856). British journal of cancer. 
1992;65(2):287. 
34. Rottenberg D, Ginos J, Kearfott K, Junck L, Bigner D. In vivo measurement of regional 
brain tissue pH using positron emission tomography. Annals of neurology. 1984;15(S1):98-
102. 
35. Wedge S, Porteus J, May B, Newlands E. Potentiation of temozolomide and BCNU 
cytotoxicity by O (6)-benzylguanine: a comparative study in vitro. British journal of cancer. 
1996;73(4):482. 
36. Mojas N, Lopes M, Jiricny J. Mismatch repair-dependent processing of methylation 
damage gives rise to persistent single-stranded gaps in newly replicated DNA. Genes & 
development. 2007;21(24):3342-55. 
37. Zhang J, FG Stevens M, D Bradshaw T. Temozolomide: mechanisms of action, repair 
and resistance. Current molecular pharmacology. 2012;5(1):102-14. 
 
38. Anderson P, Aguilera D, Pearson M, Woo S. Outpatient chemotherapy plus radiotherapy 
in sarcomas: improving cancer control with radiosensitizing agents. Cancer Control. 
2008;15(1):38. 
39. Lim A, Li B. The nuclear targeting and nuclear retention properties of a human DNA 
repair protein O6-methylguanine-DNA methyltransferase are both required for its nuclear 
localization: the possible implications. The EMBO journal. 1996;15(15):4050. 
40. Coulter R, Blandino M, Tomlinson JM, Pauly GT, Krajewska M, Moschel RC, et al. 
Differences in the rate of repair of O 6-alkylguanines in different sequence contexts by O 6-
alkylguanine-DNA alkyltransferase. Chemical research in toxicology. 2007;20(12):1966-71. 
41. Pegg AE. Repair of O 6-alkylguanine by alkyltransferases. Mutation Research/Reviews 
in Mutation Research. 2000;462(2):83-100. 
42. Blanc J, Wager M, Guilhot J, Kusy S, Bataille B, Chantereau T, et al. Correlation of 
clinical features and methylation status of MGMT gene promoter in glioblastomas. Journal of 
neuro-oncology. 2004;68(3):275-83. 
43. Stupp R. European Organisation for Research and Treatment of Cancer Brain Tumor and 
Radiotherapy Groups; National Cancer Institute of Canada Clinical Trials Group, Changing 
paradigms-An update on the multidisciplinary management of malignant glioma. The 
Oncologist. 2006;11:165-80. 
44. Hegi ME, Diserens A-C, Gorlia T, Hamou M-F, de Tribolet N, Weller M, et al. MGMT 
gene silencing and benefit from temozolomide in glioblastoma. New England Journal of 
Medicine. 2005;352(10):997-1003. 
 
45. Hegi ME, Liu L, Herman JG, Stupp R, Wick W, Weller M, et al. Correlation of O6-
methylguanine methyltransferase (MGMT) promoter methylation with clinical outcomes in 
glioblastoma and clinical strategies to modulate MGMT activity. Journal of Clinical Oncology. 
2008;26(25):4189-99. 
46. Grombacher T, Mitra S, Kaina B. Induction of the alkyltransferase (MGMT) gene by 
DNA damaging agents and the glucocorticoid dexamethasone and comparison with the response 
of base excision repair genes. Carcinogenesis. 1996;17(11):2329-36. 
47. Christmann M, Tomicic MT, Roos WP, Kaina B. Mechanisms of human DNA repair: an 
update. Toxicology. 2003;193(1):3-34. 
48. Bignami M, Casorelli I, Karran P. Mismatch repair and response to DNA-damaging 
antitumour therapies. European Journal of Cancer. 2003;39(15):2142-9. 
49. Chakarov S, Petkova R, Russev GC, Zhelev N. DNA repair and carcinogenesis. 
Biodiscovery. 2014;12. 
50. Grady WM, Carethers JM. Genomic and epigenetic instability in colorectal cancer 
pathogenesis. Gastroenterology. 2008;135(4):1079-99. 
51. Herman JG, Umar A, Polyak K, Graff JR, Ahuja N, Issa J-PJ, et al. Incidence and 
functional consequences of hMLH1 promoter hypermethylation in colorectal carcinoma. 
Proceedings of the National Academy of Sciences. 1998;95(12):6870-5. 
52. Stojic L, Brun R, Jiricny J. Mismatch repair and DNA damage signalling. DNA repair. 
2004;3(8):1091-101. 
53. Karran P. Mechanisms of tolerance to DNA damaging therapeutic drugs. 
Carcinogenesis. 2001;22(12):1931-7. 
 
54. Tang J-b, Svilar D, Trivedi RN, Wang X-h, Goellner EM, Moore B, et al. N-
methylpurine DNA glycosylase and DNA polymerase β modulate BER inhibitor potentiation of 
glioma cells to temozolomide. Neuro-oncology. 2011;13(5):471-86. 
55. Lin F, de Gooijer MC, Roig EM, Buil LC, Christner SM, Beumer JH, et al. ABCB1, 
ABCG2, and PTEN determine the response of glioblastoma to temozolomide and ABT-888 
therapy. Clinical Cancer Research. 2014;20(10):2703-13. 
56. Chong DQ, Toh XY, Ho IA, Sia KC, Newman JP, Yulyana Y, et al. Combined treatment 
of Nimotuzumab and rapamycin is effective against temozolomide-resistant human gliomas 
regardless of the EGFR mutation status. BMC cancer. 2015;15(1):255. 
57. Liu X, Wang L, Chen J, Ling Q, Wang H, Li S, et al. Estrogen receptor β agonist enhances 
temozolomide sensitivity of glioma cells by inhibiting PI3K/AKT/mTOR pathway. Molecular 
medicine reports. 2015;11(2):1516-22. 
58. Yan Y, Xu Z, Dai S, Qian L, Sun L, Gong Z. Targeting autophagy to sensitive glioma to 
temozolomide treatment. Journal of experimental & clinical cancer research. 2016;35(1):23. 
59. Pointer KB, Clark PA, Zorniak M, Alrfaei BM, Kuo JS. Glioblastoma cancer stem cells: 
Biomarker and therapeutic advances. Neurochemistry international. 2014;71:1-7. 
60. Kerr JF, Wyllie AH, Currie AR. Apoptosis: a basic biological phenomenon with wide-
ranging implications in tissue kinetics. British journal of cancer. 1972;26(4):239. 
61. Hashemi M, Karami-Tehrani F, Ghavami S. Cytotoxicity effect of Cladribine on the 
MCF-7 human breast cancer cell line. Iranian biomedical journal. 2004;8(1):7-12. 
62. Saraste A. Morphologic criteria and detection of apoptosis. Herz. 1999;24(3):189-95. 
 
63. Sjöström J, Bergh J. How apoptosis is regulated, and what goes wrong in cancer. Bmj. 
2001;322(7301):1538-9. 
64. Salvesen GS, Dixit VM. Caspase activation: the induced-proximity model. Proceedings 
of the National Academy of Sciences. 1999;96(20):10964-7. 
65. Fadeel B, Orrenius S, Zhivotovsky B. The most unkindest cut of all: on the multiple roles 
of mammalian caspases*. Leukemia (08876924). 2000;14(8). 
66. Stennicke HR, Salvesen GS. Caspases–controlling intracellular signals by protease 
zymogen activation. Biochimica et Biophysica Acta (BBA)-Protein Structure and Molecular 
Enzymology. 2000;1477(1):299-306. 
67. Karami-Tehrani F. Caspase Dependent Apoptosis Induced by Cladribine in the Estrogen 
Receptor Negative Breast Cancer Cell Line, MDA-MB468. Journal of Sciences, Islamic 
Republic of Iran. 2003;14(4):303-10. 
68. Sadowski-Debbing K, Coy JF, Mier W, Hug H, Los MJ. Caspases-their role in apoptosis 
and other physiological processes as revealed by knock-out studies. Archivum immunologiae et 
therapiae experimentalis. 2002;50(1):19-34. 
69. Loeb KR, Loeb LA. Significance of multiple mutations in cancer. Carcinogenesis. 
2000;21(3):379-85. 
70. Levine AJ. p53, the cellular gatekeeper for growth and division. cell. 1997;88(3):323 -
31. 
71. Efeyan A, Serrano M. p53: guardian of the genome and policeman of the oncogenes. Cell 
cycle. 2007;6(9):1006-10. 
 
72. Yoon H, Liyanarachchi S, Wright FA, Davuluri R, Lockman JC, De la Chapelle A, et al. 
Gene expression profiling of isogenic cells with different TP53 gene dosage reveals numerou s 
genes that are affected by TP53 dosage and identifies CSPG2 as a direct target of p53. 
Proceedings of the National Academy of Sciences. 2002;99(24):15632-7. 
73. Donehower LA, Lozano G. 20 years studying p53 functions in genetically engineered 
mice. Nature reviews Cancer. 2009;9(11):831-41. 
74. Polyak K, Xia Y, Zweier JL, Kinzler KW, Vogelstein B. A model for p53-induced 
apoptosis. Nature. 1997;389(6648):300-5. 
75. Ke B, Buelow R, Shen X-D, Melinek J, Amersi F, Gao F, et al. Heme oxygenase 1 gene 
transfer prevents CD95/Fas ligand-mediated apoptosis and improves liver allograft survival via 
carbon monoxide signaling pathway. Human gene therapy. 2002;13(10):1189-99. 
76. Katori M, Buelow R, Ke B, Ma J, Coito AJ, Iyer S, et al. HEME OXYGENASE-1 
OVEREXPRESSION PROTECTS RAT HEARTS FROM COLD 
ISCHEMIA/REPERFUSION INJURY VIA AN ANTIAPOPTOTIC PATHWAY1. 
Transplantation. 2002;73(2):287-92. 
77. Zhang X, Zhao M, Huang A-y, Fei Z, Zhang W, Wang X-l. The effect of cyclin D 
expression on cell proliferation in human gliomas. Journal of clinical neuroscience. 
2005;12(2):166-8. 
78. Lee B-C, Johng H-M, Lim J-K, Jeong JH, Baik KY, Nam TJ, et al. Effects of extremely 
low frequency magnetic field on the antioxidant defense system in mouse brain: a 
chemiluminescence study. Journal of Photochemistry and Photobiology B: Biology. 
2004;73(1):43-8. 
 
79. Büyükuslu N, Çelik Ö, Atak Ç. The effect of magnetic field on the activity of superoxide 
dismutase. J Cell Mol Biol. 2006;5:57-62. 
80. Bowman JD, Kelsh MA, Kaune WT. Manual for measuring occupational electric and 
magnetic field exposures: US Department of Health and Human Services, Public Health Service, 
Centers for Disease Control and Prevention, National Institute for Occupational Safety and 
Health, Division of Biomedical and Behavioral Sciences; 1998. 
81. Eichholz GG. Non-ionizing Radiation, Part 1: Static and Extremely Low-Frequency 
(ELF) Electric and Magnetic Fields. LWW; 2002. 
82. Cherry NJ. Evidence that electromagnetic fields from high voltage powerlines and in 
buildings, are hazardous to human health, especially to young children. 2001. 
83. Hossam-Eldin A, Mokhtar W, Ali EM. Effect of electromagnetic fields from power lines 
on metallic objects and human bodies. International Journal of Electromagnetics and 
Applications. 2012;2(6):151-8. 
84. Dini L, Abbro L. Bioeffects of moderate-intensity static magnetic fields on cell cultures. 
Micron. 2005;36(3):195-217. 
85. Chionna A, Dwikat M, Panzarini E, Tenuzzo B, Carla E, Verri T, et al. Cell shape and 
plasma membrane alterations after static magnetic fields exposure. European journal of 
histochemistry: EJH. 2003;47(4):299. 
86. Bian X, Hughes F, Huang Y, Cidlowski JA, Putney J. Roles of cytoplasmic Ca2+ and 
intracellular Ca2+ stores in induction and suppression of apoptosis in S49 cells. American 
Journal of Physiology-Cell Physiology. 1997;272(4):C1241-C9. 
 
87. Tofani S. Electromagnetic energy as a bridge between atomic and cellular levels in the 
genetics approach to cancer treatment. Current topics in medicinal chemistry. 2015;15(6):572 -
8. 
88. Zheng M, Xing L, Guo H, Li Y, Fan C, Zhang X, et al., editors. Study of the effects of 
50Hz homogeneous magnetic field on expression of Bax, Bcl-2 and caspase-3 of SNU cells in 
vitro. 2005 IEEE Engineering in Medicine and Biology 27th Annual Conference; 2006: IEEE. 
89. Sabo J, Mirossay L, Horovcak L, Sarissky M, Mirossay A, Mojzis J. Effects of static 
magnetic field on human leukemic cell line HL-60. Bioelectrochemistry. 2002;56(1):227-31. 
90. Cameron IL, Sun L-Z, Short N, Hardman WE, Williams CD. Therapeutic 
Electromagnetic Field (TEMF) and gamma irradiation on human breast cancer xenograft 
growth, angiogenesis and metastasis. Cancer cell international. 2005;5(1):1. 
91. Guan Z-Z, Yu W-F, Nordberg A. Dual effects of nicotine on oxidative stress and 
neuroprotection in PC12 cells. Neurochemistry International. 2003;43(3):243-9. 
92. Towbin H, Staehelin T, Gordon J. Electrophoretic transfer of proteins from 
polyacrylamide gels to nitrocellulose sheets: procedure and some applications. Proceedings of 
the National Academy of Sciences. 1979;76(9):4350-4. 
93. Adams Jr JD, Odunze IN. Oxygen free radicals and Parkinson's disease. Free Radical 
Biology and Medicine. 1991;10(2):161-9. 
94. Fahn S, Cohen G. The oxidant stress hypothesis in Parkinson's disease: evidence 
supporting it. Annals of neurology. 1992;32(6):804-12. 
 
95. Kanzawa T, Germano I, Komata T, Ito H, Kondo Y, Kondo S. Role of autophagy in 
temozolomide-induced cytotoxicity for malignant glioma cells. Cell death and differentiation. 
2004;11(4):448. 
96. Ahmadi-Zeidabadi M, Eskandary H, Akbarnejad Z. Electromagnetic Field and 
Temozolomide Increase Differentiation of Human Glioblastoma Cell Line; concise view of 
mechanism. BioRxiv. 2018:340596. 
97. Roos W, Batista L, Naumann S, Wick W, Weller M, Menck C, et al. Apoptosis in 
malignant glioma cells triggered by the temozolomide-induced DNA lesion O6-methylguanine. 
Oncogene. 2007;26(2):186-97. 
98. Callaghan MJ, Chang EI, Seiser N, Aarabi S, Ghali S, Kinnucan ER, et al. Pulsed 
electromagnetic fields accelerate normal and diabetic wound healing by increasing endogenous 
FGF-2 release. Plastic and reconstructive surgery. 2008;121(1):130-41. 
99. Mostafa J, Ali Y, Zohre R, Samaneh R. Electromagnetic fields and ultrasound waves in 
wound treatment: A comparative review of therapeutic outcomes. Biosci Biotechnol Res Asia. 
2015;12(1):185-95. 
100. Filipovic ND, Peulic A, Zdravkovic ND, Grbovic-Markovic VM, Jurisic-Skevin AJ. 
Transient finite element modeling of functional electrical stimulation. Gen Physiol Biophys. 
2011;30:59-65. 
101. Sakamaki T, Casimiro MC, Ju X, Quong AA, Katiyar S, Liu M, et al. Cyclin D1 
determines mitochondrial function in vivo. Molecular and cellular biology. 2006;26(14):5449 -
69. 
 
102. Neumeister P, Pixley FJ, Xiong Y, Xie H, Wu K, Ashton A, et al. Cyclin D1 governs 
adhesion and motility of macrophages. Molecular biology of the cell. 2003;14(5):2005-15. 
103. Santini MT, Rainaldi G, Indovina PL. Cellular effects of extremely low frequency (ELF) 
electromagnetic fields. International journal of radiation biology. 2009;85(4):294 -313. 
104. Santoro N, Lisi A, Pozzi D, Pasquali E, Serafino A, Grimaldi S. Effect of extremely low 
frequency (ELF) magnetic field exposure on morphological and biophysical properties of human 
lymphoid cell line (Raji). Biochimica et Biophysica Acta (BBA)-Molecular Cell Research. 
1997;1357(3):281-90. 
105. Dini L, Vergallo C. Environmental factors affecting phagocytosis of dying cells: 
smoking and static magnetic fields.  Phagocytosis of Dying Cells: From Molecular Mechanisms 
to Human Diseases: Springer; 2009. p. 409-38. 
106. Yi G-z, Huang G, Guo M, Zhang Xa, Wang H, Deng S, et al. Acquired temozolomide 
resistance in MGMT-deficient glioblastoma cells is associated with regulation of DNA repair by 
DHC2. Brain. 2019;142(8):2352-66. 
107. Nie E, Jin X, Wu W, Yu T, Zhou X, Zhi T, et al. BACH1 promotes temozolomide 
resistance in glioblastoma through antagonizing the function of p53. Scientific reports. 
2016;6:39743. 
108. Hofseth LJ, Hussain SP, Harris CC. p53: 25 years after its discovery. Trends in 
pharmacological sciences. 2004;25(4):177-81. 
109. Figarola JL, Weng Y, Lincoln C, Horne D, Rahbar S. Novel dichlorophenyl urea 
compounds inhibit proliferation of human leukemia HL-60 cells by inducing cell cycle arrest, 
differentiation and apoptosis. Investigational new drugs. 2012;30(4):1413-25. 
 
110. Shckorbatov Y. The main approaches of studying the mechanisms of action of artificial 
electromagnetic fields on cell. Journal of Electrical & Electronics. 2014;3(2):1. 
111. Funk RH, Monsees TK. Effects of electromagnetic fields on cells: physiological and 
therapeutical approaches and molecular mechanisms of interaction. Cells Tissues Organs. 
2006;182(2):59-78. 
112. Paine A, Eiz-Vesper B, Blasczyk R, Immenschuh S. Signaling to heme oxygenase-1 and 
its anti-inflammatory therapeutic potential. Biochemical pharmacology. 2010;80(12):1895-
903. 
113. Ryter SW, Alam J, Choi AM. Heme oxygenase-1/carbon monoxide: from basic science 
to therapeutic applications. Physiological reviews. 2006;86(2):583-650. 
114. Chen C-H, Chang Y-J, Ku MS, Chung K-T, Yang J-T. Enhancement of temozolomide-
induced apoptosis by valproic acid in human glioma cell lines through redox regulation. Journal 
of molecular medicine. 2011;89(3):303-15. 
115. Park J-E, Seo Y-K, Yoon H-H, Kim C-W, Park J-K, Jeon S. Electromagnetic fields 
induce neural differentiation of human bone marrow derived mesenchymal stem cells via ROS 
mediated EGFR activation. Neurochemistry international. 2013;62(4):418-24. 
116. Silber JR, Mueller BA, Ewers TG, Berger MS. Comparison of O6-methylguanine-DNA 
methyltransferase activity in brain tumors and adjacent normal brain. Cancer research. 
1993;53(14):3416-20. 
117. Natsume A, Ishii D, Wakabayashi T, Tsuno T, Hatano H, Mizuno M, et al. IFN-β down-
regulates the expression of DNA repair gene MGMT and sensitizes resistant glioma cells to 
temozolomide. Cancer research. 2005;65(17):7573-9. 
 
118. Bobustuc GC, Baker CH, Limaye A, Jenkins WD, Pearl G, Avgeropoulos NG, et al. 
Levetiracetam enhances p53-mediated MGMT inhibition and sensitizes glioblastoma cells to 
temozolomide. Neuro-oncology. 2010;12(9):917-27. 
119. Kohsaka S, Wang L, Yachi K, Mahabir R, Narita T, Itoh T, et al. STAT3 inhibition 
overcomes temozolomide resistance in glioblastoma by downregulating MGMT expression. 
Molecular cancer therapeutics. 2012;11(6):1289-99. 
 

